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1. HTRPOSE. This  advisory c i r c u l a r  describes a range of impact trauma which 
may be used e s t a b l i s h  bases f o r  acceptance l e v e l s  or performance c r i t e r i a  in 
t h e  evaluation of occupant su rv ivab i l i ty  cf iarac ter is t ics  in  c i v i l  a i r c r a f t .  

2. ELATED FEDERAL AVImION -IONS (FAR) SECTIONS. Sections 23.561, 
23.785, 25.561. 25.563 . 25 185 . 25 801 . 25 803 21 . 561 , 27.785, 27.801, 29.561, 
29.563; 29.785; 29.801; and 291803. 
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Note: - I n i t i a l  inqui r ies  f o r  any reading material  in  t h i s  paragraph my be 
d i rec ted  to the  address in the applicable s-ragraph. 

4 .  BXKGFOUND. The s c i e n t i f i c  study of human exposure to impact began during 
 orl la War 11 when e jec t ion  s e a t s  *re ikveloped f o r  high-speed aircraft. The 
work of Geertz and Ruff in Germany developed basic c r i t e r i a  &id are still in 
use today f o r  evaluating sea t  and r e s t r a i n t  ~ e r f o m c e .  After the war, the 
work was expanded Iry Stapp and other  s c i e n t i s t s  u x k i n g  p i m a r i l y  for the U.S.A. 
m i l i t a r y  services.  Eiband provided a concise sun-unary of this ea r ly  mrk.  The 
concern fo r  automobile crash safe ty  vhich ckveloped during the 1950's and 1960's 
r e su l t ed  in a g rea t  expansion of s tud ies  to increase impact injury protec t ion  
offered  to a c i v i l  p p u l a t i o n .  Guidelines f o r  the appl ica t ion  of these s tudies '  
f indings  to Army h e l i m p t e r s  is found in  the Aircraft Crash Survival Design 
Guide; and f o r  automobiles, in various Society of h tomot ive  Engineers documents 
a d  in  the Federal Motor Vehicle Safe ty  Standards. The developments can also be 
follcwed in the Proceedings of the  Stapp Car Crash Conferences, published 
annually by. the Socie ty  of PLl tmt ive  Engineers s ince  1966. 

a .  Human Tolerance. m o l e  kxly human tolerance limits r e s u l t  from tests 
with voluntary human subjec ts  who are exposed to increasingly severe impacts 
while being held Iry a s p e c i f i c  s e a t  and r e s t r a i n t  system. The l eve l  of the 
impacts is increased u n t i l  a subject  f e e l s  t h a t  fu r the r  tests m u l d  be 
unacceptable. In jury  is seldan the endpoint f o r  such tests, but  &en irijury 
occurs it is of ten  accidental  and has always been minor i n  nature. Tolerance 
limits frcm such t e s t i n g  have limited general appl ica t ion  f o r  s y s t e m  intended 
t o  protect humans against  serious injury or death f o r  they represent a 
vo lun ta r i ly  accepted impact level  and not an impact l eve l  representat ive of 
se r ious  injury or death. 

b. In jury  C r i t e r i a .  Injury c r i t e r i a  describe the  trauma limits of 
individual  human M y  a x p n e n t s .  mese are mre general ly p p l i c a b l e  to a 
v a r i e t y  of impact in jury  protect ion system designs. To provide da ta  for 
protec t ion  against  ser ious  injury or tka th ,  biological  surrogates are lsed 
instead of human subjec ts  in tests; however, co r re la t ion  of da ta  between the  
b io logica l  surrogates and l iv ing  h m s  is d i f f i c u l t .  Moreover, h r  evaluating 
t h e  prformance of a protect ion system, an anthropomrphic test device (RID) 
may be used instead of a biological  surrogate, and the RID is only a rudimentary 
representa t ion  of the  hwnan body. Impact injury c r i t e r i a  should be expressed i n  
parameters ~ i c h  can be masured on an RID. 

c. Anthro;panorphic Tes t  Device ( W P ) .  An RID is a dunmy used in place of a 
h w n  f o r  evaluation of impact injury protect ion systems. While many dumny 
types  have been mnufactured,  the  only standardized adul t  s i z e  RID genera l ly  
ava i l ab le  in the U.S.A. is the one described Iry 49 CFR 572. This  device, 
c m n l y  cal led the P a r t  572 dunmy, provides only approximate oorre la t ions  with 
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humans, and considerable resources are being expended to develop better RID'S. 
Impact in jury criteria determined using biological surrogates should be 
expressed in parameters h i c h  can be neasured on an ZQD. 

6 . DISCUSSION. 

a. Goals. - 
(1) The goal of this advisory circular is to provide guidance regarding 

useful hbmn impact injury data d i c h  my be used to establish bases k r  
acceptance levels or S r f o m c e  criteria in the evaluation of occupant 
survivability cfiaracteristics in civil aircraft. The human impact i n j  
provided herein are- neither design cri teria nor design goals, b r  it 
accepted that impact injury protection is a systems consideration with the human 

- 

occupant as only me elemnt in the system. Aircraft designs that absorb impact 
energy, help control the impact environment, maintain adequate living space, 
provide egress pathways for rapid evacuation, and use f i re  resistant systems to 
prwide adequate time for egress, contribute mch to occupant survivability. 
The occupant protection system elements (such as occupant/seat restraints, 
equipnent, and furnishings) which are closest to an occupant, play a major role 
i n  injury protection. It is the proper interaction of a l l  these and related 
elements h i c h  should be addressed to provide improvement in occupant protection 
against injury. 

( 2 )  The goal of any impact injur)r protection system should be to mute 
the level of injury insofar as possible; from fatal to mnlife threatening, to 
serious, to minor, to mne. The extent to h i c h  progress can be made along that 
chain depends cn m y  factors: 

( i )  Personal cfiaracteristics (age, sex, Nysical condition) of -the 
occupant influence the ability to withstand the force of impact; 

( ii) Restraint system design &ta i l s  Wvern the placement of l d s  
on the body at  locations and at  levels *ere loads on be m s t  readily taken; 

( iii) Orientation of the impact vector relative to the occupant 
gwerns which cwnponents of the body are m s t  highly stressed; 

( iv )  A seat, h i &  can provide distribution of load wer  the body 
and absorption of energy, may reduce the stress in the body; 

( v )  If the occupant/seat restraint does m t  preclude secodary 
impact of an occupant w i t h  the interior of a passenger canpartmerit, then the 
abil i ty of the cabin interior to distribute the impact load wer the body 
segments and absorb energy influences the stress in the body fran secordary 
impact; and 

(vi)  Finally, the cfiaracteristics of the impact p l s e ,  such as 
inpact velocity and the "shape" of the time history of the acceleration 
( including duration, m a x h  levels, effective onset rate, etc. ) , influence the 
stress i n  the body. 
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b. Miole Body Impact Tolerance. 

(1) Considering the many factors  influencing the ab i l i t y  of a system 
t o  protect against impact injury, any simple statement of tolerance should be 
heavily mnditioned. Eiband, in 1959, attempted to ampi le  a surrmary of the 
knmledge existing a t  that  t i m e  re la t ive  to humn tolerance to inpact and 
attempted to present it in a sinple form. He  chose to represent each test 
r e s u l t  as a p i n t  on a log-log plot  of acceleration vs. duration. me value of 
acceleration (or  deceleration) chosen fo r  t h i s  p i n t  ~s the mximum 
acceleration rreasured i n  the test, and the duration was the duration of tha t  
maximum acceleration. This zpproach was effective a t  that  time because mst of 
t h e  test data was b t a i n e d  for ejection seat  tests, *ere the acceleration p lse  
was roughly trapezoidal in &ape, and a u l d  be f a i r l y  represented by duration 
and mgnitude of the maximum acceleration; however, i f  the p l s e  shape deviates 
s ignif icant ly  from a trapezoidal or square shape, t h i s  mthod becunes 
ineffective. For example, the tr iangular pulse shape often recamended as 
representative of a i r c r a f t  crash deceleration wuld  mt  even appear on a log-log 
p l o t  since the peak deceleration has m duration. Also, a deceleration pllse 
w i t h  a superimposed &or t  duration spike would be characterized by the anplitude 
and duration of the ptak axe le ra t ion  of the spike, and all  other 
character is t ics ,  such as velocity cfiange or energy, wuld  be ignored. Indeed, 
such a pulse wuld appear to be m different  than a pulse amposed only of the 
spike. 

( 2 )  This advisory ci rcular  w i l l  r e ta in  the log-log f o m t ,  but wil l  
in terpret  the data according to a method recently used by the Army in evaluating 
energy absorbing seat  performance. This mthcd measures, and plots, the 
duration of all acceleration levels &ich appear in the acceleration p lse  of 
t he  test. Thus the test is represented as a curve, rather than just a single 
point  on the log-log plot. A series of tests w i l l  appear as a family of curves, 
and the tangent to those curves represents an envelope of the mximm 
acceleration and duration of mximum acceleration to vhich a human was exposed 
i n  the test series.  While t h i s  provides a mre miversa1 mans of including a 
var ie ty  of p l s e  shapes, it cannot mnsider a l l  of the factors previously 
mentioned. Also, since it retains the log-log tolerance format originally 
proposed by Eiband, it suffers £ran the same p s s i b l e  misinterpretation tha t  any 
test or crash, thich can be plotted within the tolerance curve, is tolerable 
w i t h o u t  regard to velocity cfiange. 

( 3 )  The voluntary exposure areas of Figures 1 through 4 represent the 
acceleration levels and durations thich have been tolerat& by volunteer human 
subjects  using the res t ra in t  mncept indicated. m e  areas t i t l e d  "low 
probabili ty of l i f e  threatening injury" in Figures 2 and 4 represent accidental 
exposure of humans which resulted in reversible injuries. 

c. ~mpact  Injury Cri ter ia .  Of mre importance for  evaluating the 
performance of impact injury protection systems a re  masurements vhich can be 
made during testing. Historically, measurements of acceleration have been 
used as impact injury c r i t e r i a ,  but these masuremnts have only k e n  mde 
papular by the ready m a i l a b i l i t y  of accelerometers rather than the significance 
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of acceleration as a factor  in injury. In short duration accelerations, such as 
occur in h p a c t s  (less than 0.02 seconds, for example), the injury l imi t  is M y  
s t ruc tu ra l ,  and t h i s  limit m l d  be expressed be t te r  in terms of stress or 
s t r a i n .  In any event, it should be understood t h a t  there  are no universally 
accepted handbook values for  impact injury c r i t e r i a  in the sense tha t  there are 
handtmk values for  the properties of materials used in the construction of 
a i r c r a f t .  Injury is a progressive occurrence, and the r a t e  of progression 
va r i e s  with a number of factors  kith have mt  yet been cxrrpletely understood. 
A l s o ,  impact injury c r i t e r i a  are mt  design c r i t e r i a  in the sense tha t  they can 
be used during the design of an a i r c r a f t  in the same manner as the ~oper t i e s  of 
mater ia ls  are  used. Instead, such injury c r i t e r i a  should be viewed as test 
measurements h i c h  o n  be used to determine i f  an impact protection system is 
l i k e l y  to have achieved some level of success. If a minimum level of protection 
has k e n  established by regulatory requirements, as has been generated either by 
the  rulemaking process for  the a u t m t i v e  industry or by mil i tary specifications 
f o r  defense suppliers, then the c r i t e r i a  and methods of dermnstrating c a ~ p l i a n c e  
w i t h  those c r i t e r i a  are defined. In the'absence of such a def in i t ive  process, 
t h e  responsibil i ty for  the selection of injury c r i t e r i a  pertinent to a 
par t icu la r  application and for the developnent of appropriate test procedures to 
d a n s t r a t e  that  the injury c r i t e r i a  have been r n e t  f a l l s  on the mnufacturer of 
t h e  system. 'Ib a s s i s t  in t h i s  e f fo r t ,  the follcwing subparagraphs sumnarize 
s e  of the mre inportant concepts for  injury c r i t e r i a  &ich my,  depending on 
t h e  application, be of importance in the developnent of impact injury protection 
systems for  c i v i l  a i r c r a f t .  Other concepts, as w e l l  as arguments fior ad 
against  mst of the concepts presented here, can be found in the l i t e ra ture .  

(1) Head In ' u  . In jur ies  to the head can be fractures  or 
concuss ions. d m  of injury depends on the energy of the impact, the 
ro ta t iona l  and t ranslat ional  m v e ~ n t  of the head r e l a t i ve  to the body, the 
charac te r i s t ics  of the impacted surface (area, shape, and load d is t r ibu t ion  
proper t ies ,  for  example), and the site and direct ion of the load (force) vector 
r e l a t i v e  to the head. The Wayne S t a t e  University Concussion Tolerance Curve 
(WSWIC), proposed by Lissner, et al., in 1960, forms the basis  fo r  mst current 
head injury c r i t e r i a .  Gadd devised a weighted impulse c r i te r ion  to def ine a 
Severity Index (GSI) t o  represent the S U C K ,  so t ha t  a GSI less than 1000 
represented the l i m i t  for  skull  f racture  from localized impacts q a i n s t  a hard 
surface,  and a GSI l e s s  than 1500 represented a mncussion injury l imi t  fo r  
d i s t r ibu ted  or mn-contact blows to the h a d .  a l te rna te  representation of 
t he  WSUCI'C, suggested by Versace, led to the Head Injury Criterion (HIC)  
specif ied in Federal Motor Vehicle Safety Standard (FMVSS) No. 208. The HIC 
requires a masurerent in g ' s  of the resul tant  acceleration a t  the center of 
mass of the head to be inserted into the following equation: 

where a ( t )  is the t i r r r e  history of the acceleration a t  the e n t e r  of mss of the 
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head rreasured with a system having a frequency response of 1000 Hz, ti and 
t 2  are  the i n i t i a l  and f ina l  times (seconds) during a pllse interval,  and a 
value of 1000 is the l i m i t  for head injury. Although usually rot specified in  
t h e  cr i ter ion,  this l i m i t  is mst useful with p l l se  intervals rot greater than 
0.05 seconds. 

( 2 )  Chest In 'u  . Upper torso injur ies  include b t h  skeletal  and 
s o f t  t i ssue injury 4 mec anlsms. Neathery suggested tha t  cfiest deflection showed 
good a x r e l a t i o n  with blunt frontal  impacts and recumended a sternal deflection 
1 imit of 75 m for representing severe, m n l i f e  threatening, chest injury for a 
45 year old mid-sized mle .  The primary problem with a deflection masurement 
is in  mking a single masurerent *ich is descriptive of the ocmplex thorax 
behavior under all conditions of inpact. The same problem exis t s  w i t h  a single 
acceleration masurement, such as used in l i m i t s  ihich s t a t e  "...shall not 
exceed 60 g ' s  except for  intervals whose cumulative duration is rot mre than 3 
milliseconds," and is corrpounded by the d i f f icu l ty  of correlating an 
acceleration masurement with injury. Eppinger suggested an alternate,  easi ly  
measured c r i t e r i a ,  shoulder be l t  load, as a mans of predicting thoracic 
f ractures  in  cadaver tests (with consideration of cadaver w i g h t  and age a t  
death).  He suggested that  a 5.8 t o  6.7 k i l o  rrewtons (kN) upper torso diagonal 
b e l t  force wuld produce the minimum average number of fractures in the 
a u t m b i l e  f a t a l i t y  population in a 13.4 meters/second (m/s)  f rontal  crash w i t h  
a particular be l t  res t ra in t  system. This approach is conditioned ty the 
understanding that  belt loads are also strongly influenced by b2lt  geametry, a 
fac tor  rot represented in the analysis. 

( 3 )  Abdominal Injury. The c l in ica l  l i t e r a tu re  provides extensive 
documentation 07 the serious, l i f e  threatening injur ies  vhich can result fran 
blunt abdminal trauma; however, the research acmnplished to date to define 
abdo~ ina l  injury c r i t e r i a  has k e n  limited, and m practical  c r i t e r i a  hive 
evolved. Thus, considering the potential  severity of atXbminal loading, the 
only suitable reconmendation is to avoid applying loads to the abdanen. In 
part icular ,  a safety bel t  should be designed so tha t  it b s  mt s l i p  £ran the 
pelv is  to the abdcanen. 

( 4 )  Leg Injury. 

( i ) Early studies by Patrick, et a1 . , used embalmed cadavers w i t h  
head, chest, and knees s t r iking l igh t ly  padded load cells during s led  tests. 
They mncluded that  a load of 6.2 kN represented a conservative value for 
overal l  injury threshold for  the patella-femur-pelvis amplex. More recent 
s tudies  try Wlvin, et al . ,  using unembalmed cadavers and an impactor w i t h  25 mn 
o f  energy absorbing padding, indicated a threshold of fracture of 13.3 kN, w i t h  
a threshold impactor mmentum of 180-220 N s  necessary to cause fracture. The 
current l i m i t  specified in FMVSS 208 is 10 kN which is suggested as being 
a ~ p r o p r i a t e  c r i t e r i a  in a i rcraf t .  These studies concerned impacts hi& were 
essen t ia l ly  in l i ne  w i t h  the femur. 

( i i)  Concentrated loading of the patel la  by impactors having 
c i rcu la r  or ring shapes less than 16 m in diameter demonstrated fa i lu res  as low 
a s  2.5 kN, w i t h  pate l la  damage varying dramatically w i t h  impact wloci ty .  
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(iii) Transverse loading of the lower leg was reported by Young to 
r e s u l t  in t i b i a  f racture  a t  force levels  from 4.45 to 6.67 kN. Kramer, e t  al . ,  
found a 50 percent fracture l i m i t  of the lower leg to lie between 3.3 and 
4 .4 kN, depending on the diameter of the impacting cylinder. 

Spinal Injury. 

( i )  Damage to the vertebral  m l u m ,  par t icu la r ly  to the lpper 
lumbar and lower thoracic segments, occurs frequently here severe i w c t  force 
is directed para l le l  to the spine. Stech and Payne nodeled t h i s  impact as  a 
s ing le  lumped-mass, damped-sprinq system, assuming tha t  the t o t a l  body mass 
which ac t s  on the vertebrae to cause injury can be represented by me r igid  
mass. The nodel is used to predict  the mximum deformation and the associated 
force of the spring (representing the vertebral  mlumn) f o r  an input 
acceleration-time his tory measured on the s t ructural  s ea t  pan of an e ject ion 
sea t .  The injury c r i te r ion  vhich r e su l t s  is called the Dynamic Response Index 
(DRI) . DRI l imi t s  for  uniaxial spinal clwnpression fractures  of mil i tary aircrew 
have been suggested as follows: 

DRI = 18.0 implies less  than 5 percent r i sk  of' i n  jury 
DRI = 20.4 implies less than 20 percent r i sk  of injury 
DRI = 23.0 implies greater than 50 percent r i sk  of injury 

While the DRI has been successfully used for  several mil i tary programs, these 
programs have also used ell designed r e s t r a in t  sys tem to avoid bending loads 
on the spinal column which are  not always p s s i b l e  in c i v i l  systems. Moreover, 
few c i v i l  a i r c r a f t  sea t s  have we11 defined s t ruc tura l  sea t  pans on which 
respresentative accelerations can be masured. In an attempt to w e r m  these 
problems, Chandler conducted tests using a nodified Par t  572 Rl'D with a load 
cell inserted into  the pelvis a t  the base of the rubber "lumbar" cylinder of the 
dwmy. He found tha t ,  under a var ie ty  of test conditions with a mil i tary type 
s e a t ,  a pelvic ampression load of 6.7 IrN correlated with a DEU of 19, 
i rdicat ing a low to mderate risk of injury. Since loads from the r e s t r a in t  
system which wu ld  cause spinal axpress ion  wuld  mst l ike ly  be reflected in an 
increased pelvic load, t h i s  measurement m y  have mre general application and is 
suggested for use in a i rc ra f t .  

(ii) Models vhich are,  in e f fec t ,  limited to me injury indicator 
f o r  spinal column injury cannot predict  the complex stress dis t r ibu t ion  h i c h  
e x i s t s  in t h i s  w l e x  structure. Several mre sophisticated e e l s  have been 
suggested, but there is m general mnsensus of mre representative injury 
c r i t e r i a .  In any w e n t ,  the measurements ihich can be made during a test w i l l  
probably limit any proposed c r i t e r i a  to axial  and shear loads and moments and 
torque in practice. 

d. Restraint  Effectiveness and Other Cri ter ia .  ?here are several other 
c r i t e r i a  for e f tec t ive  protection against impact injury hi& cannot be defined 
by numerical l i m i t s .  Anong the mre important of these are: 
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(1) Rest ra in t  systems should be designed to encourage frequent and 
proper use by occupants. Res t ra in ts  h i c h  are mmplex, uncomfortable, or unduly 
r e s t r i c t i v e  -b mr&l operat ional  functions of the-occupant are unlikely to be 
successful .  

( 2 )  Res t ra in t s  should f i t  t he  s i z e  range of occupants t h a t  are l i k e l y  
t o  use the system. Misf i t  r e s t r a i n t  systems can cause injury;  f o r  example, a 
diagonal b e l t  h i c h  bears  q a i n s t  the  s ide  of the  head can promote neck injury 
i f  v e r t i c a l  impact takes place; a diagonal b e l t  h i c h  passes below the center  of 
mass of the upper torso-head-neck clwnplex m y  allow the  torso to rotate out of 
t h e  r e s t r a i n t  and increase the po ten t i a l  of e i t h e r  impact with the  a i r c r a f t  
i n t e r i o r  or injury from spinal  column torque, etc. 

( 3 )  Res t ra in t s  should apply loads to the body areas  mst able to 
withstand the loads (i.e., pe lv is  or shoulders) ,  and should ro t  m e  from those - - 
a r e a s  during the impact. 

( 4 )  Sea t s  and r e s t r a i n t s  should d i s t r i b u t e  their load over a maximum 
body contact area to reduce concentrated load cxl the body. 

( 5 )  Seat  and r e s t r a i n t  systems should provide as lmch miform load 
d i s t r i b u t i o n  to the M y  as p s s i b l e  to l i m i t  r e l a t i v e  displacement of the  body 
segments. 

( 6 )  E l a s t i c i t y  of elements i n  the r e s t r a i n t  and s e a t  allows body 
motion and can increase impact severi ty.  For example, long lengths of r e s t r a i n t  
webbing s t r e t c h  mre than short  e b b i n g  lengths and allow more occupant mt ion .  

e. Accepted In ju ry  Cr i t e r i a .  The following documents mnta in  injury 
c r i t e r i a  and test procedures which have been accepted by user groups and have 
served as guidance f o r  es tabl i sh ing s imi lar  c r i t e r i a  f o r  c i v i l  a i r c r a f t  crash 
in ju ry  protect ion systems: 

(1) Federal Motor Vehicle Safe ty  Standard. No. 201, Occupant 
protec t ion  in interior impact (49 CFR 571.201), contains c r i t e r i a  for head 
impact with instrument panels and s e a t  backs. 

( 2) Federal Motor Vehicle Safe ty  Standard No. 202, Head r e s t r a i n t s  
(49 CFR 571.202), contains c r i t e r i a  fo r  head r e s t r a i n t s  intended to reduce neck 
in ju ry  in  rear-end co l l i s ions ,  and m y  be cpplicable to r e a r  facing sea t ,  head 
rest design in a i r c r a f t .  

( 3 )  Federal Motor Vehicle Safety Standard No. 203, Impact protec t ion  
f o r  the d r ive r  from the  s teer inq  m n t r o l  system (49 CFR 571.2031, contains 
c r i t e r i a  to minimize chest, necc, and f a c i a l  in ju r i e s  r e su l t ing .  from impact with 
t h e  s teer inq  mnt ro l .  

( 4) ~ e l d e r a l  Motor Vehicle Safety Standard No. 208, Occupant crash 
protec t ion  (49 CFR 571.208), contains c r i t e r i a  fo r  the  head, thorax, and tqper 
l e g s  to minimize injury in an a u t d i l e  crash. 
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(5 )  M i l i t a r y  Spec i f i ca t ion  5809S(AV), General Spec i f i ca t ion  f o r  
Crashworthy, Non-Ejection, Aircrew Seat  System (MIGS-58095(AV)), contains 
s p e c i f i c a t i o n s  f o r  l imi t ing  sp ina l  in jury  created by ho le  body v e r t i c a l  
accelera t ion .  

f .  Suqgested Numerical Values f o r  Ai rc ra f t  Use. The following subparagraphs 
s u n a ~ r i z e  the  impact injury data t h a t  are suggested here in  f o r  use in assessing 
t h e  prformance of impact in jury protec t ion  systems i n  c i v i l  a i r c r a f t ,  and these 
d a t a  are mt  to be a n s i d e r e d  as regulatory c r i t e r i a .  It is mt  intended t h a t  
a l l  of the  suggested performance c r i t e r i a  should be used in every case to assess  
each impact in jury  protec t ion  system. When regula tory  requirements are 
es tab l i shed ,  s p e c i f i c  performance c r i t e r i a  w i l l  be defined within the  ru le .  In  
such cases,  the regulatory c r i t e r i a  take precedent - wer anything presented in 
t h i s  advisory c i r cu la r .  In the absence of a d e f i n i t i v e  regulatory requirement 
though, a m n u f a c t u r e r  should select appropriate performance c r i t e r i a ,  develop 
appropr ia te  test procedures f o r  the  p a r t i c u l a r  crpplication, and derronstrate t h a t  
t h e  d l e c t e d  performance c r i t e r i a  have k e n  net. 

3: * 
( 1) Whole b d y  impact to lerance  - 

( i )  - G, (2-point r e s t r a i n t )  Figure 1 

(ii) + GZ (2-point r e s t r a i n t )  Figure 2 

(iii) - % ( 2 - p i n t  r e s t r a i n t )  Figure 3 

( i v )  - Gx ( 3 - p i n t  r e s t r a i n t )  Figure 4 

( 2 )  Head i n j u r y  - H I C  < 1000 ( t 2 - t l  < 0.05 secords)  

( 3 )  Chest i n j u r y  - Diagonal shoulder b e l t  load - 7.8 kN (1750 l b s . )  

( 4 )  AWaninal in jury  - No w a n t i t a t i v e  da ta  suggested. 

( 5 )  Leg i n j u r y  - 
( i )  I n  l i n e  with femur - 10 kN (2250 lbs . )  

( i i )  P a t e l l a  (concentrated load) - 2.5 kN (560 lbs.) 

(iii) Transverse (lower leg) - 4.45 kN (1000 lb s . )  

(6) Spinal  i n j u r y  - Pelvic  a x p r e s s i o n  load - 6.7 kN (1500 lbs . )  

eph A. Pontecorvo 
Director of Airworthiness 
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